The Λ c (2286)N system is studied in a chiral constituent quark model and the resulting s-wave interaction is used in separable form within three-body models of the πΛ c N system with quantum numbers (C, I, J P ) = (+1, 
I. INTRODUCTION
Several pion-assisted dibaryon candidates of the type πBB ′ , with a p-wave pion interacting with baryons B and B ′ that interact in s waves, were suggested in Ref. [1] . Considered in detail was the πΛN system in the channel (I, J P ) = ( 3 2 , 2 + ) which is dominated by configurations where the p-wave πN (I, J P ) = ( , 2 + ) πΛN-πΣN coupled-channel system was studied subsequently [2, 3] , concluding that it resonates some 10-20 MeV below the πΣN threshold [3] . Other pion-assisted dibaryon candidates suggested in [1] include πΞN, πΞΛ and πΛ c N. In the present work we apply the same formalism [3] to study the charmed πΛ c N system where one replaces the Λ c (2286) charmed baryon, and the To formulate and solve a πΛ c N three-body model one needs to specify the input pairwise interactions. Whereas the construction of p-wave separable interactions describing the pion-baryon ∆(1232) and Σ c (2520) resonances is straightforward, the construction of the necessary s-wave separable interaction describing the Λ c (2286)N system requires special attention. In the present exploratory study we neglect its coupling to the Σ c (2455)N system, reporting briefly on a straightforward application of the chiral constituent quark model (CCQM) within the charm sector [4, 5] . This model, tuned by fitting to the baryon and meson spectra as well as to the NN interaction, provides predictions for charm C = +1
two-hadron systems that will become testable in due course. For an extensive review of the CCQM, see Ref. [6] .
The paper is organized as follows. The input pion-baryon phenomenological interactions are discussed in Sect. II, and the input Λ c N CCQM interactions are discussed in Sect. III.
Results of three-body calculations using Faddeev equations with relativistic kinematics are given and discussed in Sect. IV, with conclusions drawn in the last Sect. V.
II. PION-BARYON p-WAVE INTERACTIONS
Following the discussion of the πΛN system in Ref. [1] , the dominant two-body interactions in the πΛ c N system are the p-wave πN (I, J P ) = ( nel. In this section we describe the appropriate separable-interaction meson-baryon models, assigning particle indices 1,2,3 to charmed-hyperons, nucleon and pion, respectively.
A. The πN subsystem
The Lippmann-Schwinger equation for the pion-nucleon interaction is given by [7] :
2 dp
so that using a separable potential
one gets
where
A fit to the P 33 phase shift and scattering volume using the form factor
with parameters given in Table I , was shown and discussed in Ref. [7] . Listed in the table are also the r.m.s. radii of the form factors g(p) in momentum space andg(r) in coordinate space, whereg( r ) =rg(r) is the Fourier transform of the p-wave form factor g( p ) =pg(p), given byg (r) ∼ j 1 (pr)g(p)p 2 dp,
with j 1 the spherical Bessel function for ℓ = 1. As elaborated in Ref. [7] ,g(r) is not positive definite, which may result in negative values of < r 2 >. A spatial-size substitute for √ < r 2 > is provided then by r (πN ) 0
, the first zero ofg(r). Both values of √ < r 2 > and r 0 listed in Table I are seen to be close to each other, but this need not necessarily be the case for other subsystems, as will become evident in the next subsection. (both in fm) of the coordinate-space form factorg 1 (r). The pion-nucleon amplitude in the three-body system with a Λ c as spectator is given by
where W 0 is the invariant mass of the three-body system, q 1 is the relative momentum between the spectator and the c.m. of the πN subsystem and
B. The πΛ c subsystem
Here, the separable potential
is used with the form factor
where the three parameters γ 2 , β 2 and A were fitted to the two pieces of data available, namely, the position and width of the Σ c (2520) resonance [8] . A family of such fitted parameters is given in Table II (Table I) , because the pionic Λ c → Σ c p-wave excitation energy of 231.5 MeV is smaller than the corresponding excitation energy 293 MeV for N → ∆, we consider the last two rows in Table II as the most physically acceptable fits.
For further discussion of form-factor sizes, see Ref. [7] . (both in fm) of the Fourier transformg 2 (r). 
There is no experimental data on the Λ c N subsystem that one may rely upon to fit a separable potential form. Therefore, and as a guide, we have generated local potentials in
, 3 S 1 channel from the recent application of the CCQM to the charmed meson sector [5] . A brief description of the essential properties required in this model to provide interaction output for the Λ c N system follows.
A. Extension of the CCQM to the charm sector
Baryons are described in the CCQM as clusters of three interacting massive constituent quarks, with the light-quark (u, d) mass generated by the spontaneously broken SU(2) L ⊗ SU(2) R chiral symmetry of the QCD Lagrangian. Hence, light quarks interact nonperturbatively via Nambu-Goldstone boson-exchange potentials
given in obvious notation by
where g 
The values used for the mass, coupling-constant and cut-off parameters are listed in Table 2 of [5] . In the case of the heavy charmed quark c, for which chiral symmetry is explicitly broken, no boson-exchange is operative in its interactions with the other quarks.
Perturbative effects within QCD are accounted for by the one-gluon-exchange (OGE) potential
where λ c are the SU(3) color matrices, r 0 is a flavor-dependent regularization that scales with the reduced mass of the interacting pair, and α s is the QCD scale-dependent coupling constant which assumes values of α s ∼ 0.54 for light-quark pairs and α s ∼ 0.43 for uc and dc pairs [4] .
Finally, to fully simulate QCD one needs to incorporate confinement. While negligible for hadron-hadron interactions, lattice calculations suggest that the confinement potential is screened upon increasing the interquark distance [9] ,
with a scale given by a c = 230 MeV and a screening mass identified here with the pion mass:
The CCQM yields a good description of meson [4] and baryon spectra [10] . Furthermore, by applying resonating-group methods it enables one to derive baryon-baryon (BB) potentials and, in particular, to reproduce the main features of the NN interaction [6] . Thus,
Born-Oppenheimer approximation as
with the quark coordinates integrated out. The wavefunction Ψ L S T BnBm ( R) for the two-baryon system is an antisymmetrized product of two three-quark clusters, each cluster consisting of Gaussian quark wavefunctions. The Gaussian size parameters from Table 2 in Ref. [5] are b n = 0.518 fm for the (u, d) light quarks, here denoted n, and b c = 0.6 fm for the c quark.
However, whereas the value adopted for b n was deduced long ago by fitting to the NN phase shifts and the deuteron binding energy [11] (see also the discussion in Ref. [12] ), the value b c = 0.6 fm is not constrained by any comparable BB data. It was argued in Ref. [13] repulsive core and the model with b c = 0.8 fm has the strongest repulsion at short distance.
None of these models is any close to generating a Λ c N bound state. energy which suggests that these latter two models have excessive repulsion. We also show by the dashed lines the phase shifts obtained using the rank-2 separable potential with both attraction and repulsion
so that the corresponding two-body t-matrix is given by
The form factors g β 3 (p 3 ) are chosen to be of the Yamaguchi form
and the parameters of these models are given in Table III together with values of the associated scattering lengths and effective ranges. The relatively small size of the scattering lengths a ΛcN clearly indicates that the 3 S 1 Λ c N system is far from binding on its own. 
IV. RESULTS AND DISCUSSION
Solutions of the Faddeev equations corresponding to bound states and resonance poles in the (I, J P ) = ( , 2 + ) channel of the πΛ c N three-body system were found applying search procedures described in Refs. [1] [2] [3] . A single bound state or resonance was established for any combination of each one of the πΛ c interaction models specified in Table II and each one of the Λ c N interaction models specified in Table III , as well as for the case when there is no Λ c N interaction. The resulting bound-state and resonance energies are given in Table IV with respect to the πΛ c N threshold mass E th ≈ 3363 MeV. Table IV . This resonance is likely to be the lowest lying charmed dibaryon, considerably below the mass ≈3500 MeV predicted recently for a DNN bound state with quantum num-
, J P = 0 − that may be viewed also as a Λ c (2595)N bound state [14] . These two charmed-dibaryon predictions, with (I, J P ) = ( , J P = 0 − ) that may also be viewed as a Λ(1405)N quasibound state [15] . None of these dibaryon candidates has been confirmed by experiment.
Denoting the (I, J P ) = ( 
The Y c dibaryon resonance may be looked for both within inclusive missing-mass measurements by focusing on the outgoing D − charmed meson, and in exclusive invariant-mass measurements focusing on the outgoing Σ c (2455)N decay pair provided that Y c is located above the Σ c (2455)N threshold.
